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began to be recognized. Measures were devised to control II 
the sanitary character of water and food supplies which 
resulted in amazingly beneficial results. 
In 1880 Flugge had expounded his theories on 
droplet infection and the opinion which then prevailed 
was that aerial transmis s ion was almost negligible since 
droplets containing bacteria fall at short distances 
from the source. This was also confirmed in 1912 by 
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Chapin. With the investigations of Theobald Smith (1902), II 
II insect vectors were recognized and the theory of aerial 
transmission gradually waned. 
. In 1936 Smillie and Chope (1) stated their 
belief that air bacteriology had been inadequately 
studied and that the aerial transmission of disease 
germs while almost negligible should not be completely 
overlooked. 
During the past five or six years there has 
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an attack r ate of 12.6 per cent. In Long's series of 585 
patients actually observed in 1937, the attack rate was 
slightly over 10 per cent, with respiratory infections 
predominating (over 63 per cent). 
Recent Findings 
The present investigations included 704 patients 
who were admitted during a period of one year from June 1, 
1939. Of these, 235 cases were studied through their 
hospital records and the other 469 were actually observed 
as well and followed. Only patients who stayed over 24 
hours in the wards were included in the series. 
During the first period (June 1 to October 15) 
neither masks nor lights were used and the same routine 
technics and procedures were followed as in preceding 
investigations. Among the 235 patients so studied, an 
incidence of about 9 per cent infections was detected. 
The distribution of cases during the different months 
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:nfections in April 1940 
N E W 
-
I N ! E c I I 0 H 
Interval 
9 weeks 
1 week 
5 weeks 
4 weeks 
10 days 
9 days 
3 weeks 
Bacterial Flora 
Pneumococcus XVIII 
Pneumococcus XVIII 
H. Influenza 
Pneumococcus ?Type 
Hemolytic 
Streptococcus 
Hemolytic 
Streptococcus 
H. Influenza 
Not significant 
= ==--::c=====- ------.-
Diagnosis Onset 
Lobar Pneumonia 
Lobar Pneumonia 
Bronchitis 
Streptococcus 
Infection 
Upper Respiratory 
Infection 
Otitis Media 
Bronchitis 
Otitis Media 
Upper Respiratory 
Infection 
Parenteral Diarrhea 
4/3 
4/6 
4/6 
4/2 
4/21 
4/21 
4/24 
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to even more than concomitant counts in the other wards. 
As to the tJ~e of organisms, the most commonly 
found were Staphylococcus albus and aureus, fungus, 
Bacillus subtilis, coli, and alkaligenes, occasional 
diphtheroids, and various micrococci. Some streptococci 
were found in various samples and at such time, similar 
organisms were always recovered from the nasopharynx or 
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ear discharge of some patient. Pneumococci were recovered ,j 
!I 
'I 
on only two occasions. 
Air contamination was very well illustrated 
(Figure 6) when Hemophilus influenzae were recovered 
from the air of the ward which was without lights. It 
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was then found that two patients with influenza meningitis i1 
had been admitted to that ward several hours before the 
/i 
il 
!l 
air samples were collected. The organisms from the naso- I! 
pharynx, ear discharge, and spinal fluid of the patients 
as well as those from the air were all found to be of 
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cautions were observed than in the main wards. Although 
it may be admitted failure to do serologic typings of 
streptococci rendered these findings inconclusive, we 
could not disregard the presence of these organisms in 
the air especially since they had not previously been 
found positive and as the other factors of transmission 
were apparently minimal. 
In December (Figure 8) before ultraviolet I 
I I 
radiation was started new infections developed in both 
sides of the upper floor. Patients 1 and 4 who had un-
important nasopharyngeal cultures on admission developed 
suppurative otitis media with hemolytic streptococci 
from the discharges. A search among other patients in 
that ward showed one in a corner cubicle who had the 
same kind of organism. Again, a cretin (Case 3) devel-
oped otitis media and the ear discharge was found posi-
tive for pneumococcus type XIX while the admission 
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culture was negative. It was found that on the same s i de 
of the ward was a patient with pneumonia due to type XIX 
pneumococcus. It must be pointed out that cases 2 and 5 
who developed upper respiratory infections hardly showed , 
I il 
any changes in the bacterial flora so that the source 'I 
could not be traced. 
In February (Figure 9), it will be noticed 
that a l l infections developed in Ward A which had no 
radiation and the only one which occurred in Ward B was 
in the porch where there were no lights. At this time 
a positive culture for pneumococcus type XVIII was 
demonstrated in Case 1 which had not been present on 
admission. About two beds distant from this patient 
was a pneumonia patient with type XVIII pneumococci. 
Case 1 in Figure 10 (April) who developed 
pneumonia in the ward, had type XVIII pneumococci and 
a careful investigation revealed that a patient (M.S.) 
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in the next cubicle who had been discrmrged only two 
days previously, had had pneumonia due to the same type 
of organism. It will also be noted in this same diagram :1 
:I 
that three other patients in this ward had positive I 
I 
hemolytic streptococcus cultures and that the air aleo 
gave positive findings. Here, therefore , we have an 
illustration of air contamination as well as that of 
patients being possible sources of infection. 
A more interesting observation was one in 
which an eczema patient (Case 2) developed pneumonia due 
to type XXXIII pneumococci. The resident called atten-
tion to the presence of a pneumonia patient (also due 
to type XXXIII organism) in the opposite corner of that 
ward. No infections occurred in Ward B (with lights) in 
spite of positive findings of pathogenic organisms in 
various patients. 
No nurses or any of the personnel developed 
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Description 
The type of lights used , also kno~m as germi-
cidal lamps , are 15-watt low pressure mercury lamps 
enveloped in high transmission glass. Each light is 
provided vdth an aluminum trough which enables a larger 
volume of air to be acted upon by the radiation since 
aluminum has been found to have a high reflection coef-
ficient. At the same time, this trough serves to protect 
patients and personnel fr~m direct exposures to the rays 
and to some extent, protects the lamps. 
The character of the radiation emitted by 
these l amps deserves some explanation and descript ion 
as the various forms of energy often cause confusion. 
Figure 14 gives a graphic description of the forms of 
radiant energy from the sun, their respective wave 
lengths and important uses. It will be observed that 
as a beam of light pass es tl;trough the quartz prism, 
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emitted by these lights are 2537 angstroms, which length 
gives the most .bactericidal effects." J 
is the same as in the ordinar The current used 
light circuit for 110 volts and the&ternating t~pe is 
considered preferable. Each light draws about 0.33 am-
peres and puts a load upon the house current approxi-
mately as a 40-watt Mazda bulb. The total amount of 
current consumed each day by the 40 lamps is about one 
kilowatt .. 
Essential Requirements 
There are certain optimal conditions under 
which these lamps operate. At ordinary temperature, 
humidities between 60 to 80 per cent are favorable and 
at this range, lower humidities are preferable. The 
ultraviolet output is about the same at ordinary and 
high temperatures but is reduced by low readings so 
that at freezing it is about 60 per cent of normal and 
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found that , in general, at a distance of 5 feet (the 
intensity of the radiation is about 30 microwatts per 
square centimeter), bacteria varied in their resistance 
but most of them were killed by exposure of three min-
utes. The mold spores required about 45 times as much 
radiation for compl ete killing as the bacteria. With 
any of the organisms, the destroying action of t he radi-
ation fell off with increasing wave length. The tendency 
of fungi to grow in clumps was considered one of the 
reasons for their resistance. 
In the wards , only the air that comes under 
the lights appeared to be affected by them, but by a 
process of dilution of contaminated with irradiated air, 
partial sterilization occurred throughout the place 
II 
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studied. It is obvious that with constant sources of I · 
contamination, the air is never rendered completely 
sterile by the radiation. 
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before they can be recommended. 
Observations 
I' Since installation of ultraviolet lamps, there I 
has been a considerable reduction in the number of bac- I 
teria in the lighted wards as well as a noticeable change
1 
in the flora. Pathogenic organisms have not been re-
covered. Details of these findings have been described 
under bacteriologic studies of air. 
In the group of 150 patients who stayed in 
the lighted wards, only 4 new infections developed, 
giving an attack rate of 2.8 per cent. Of these new 
cases, one was a skin infection and the other 3 were 
respiratory diseases. It will also be noted that 2 of 
these developed in the latter part of May when windows 
and porches were opened and concomitant bacterial counts 
of air at this particular period were about the same 
in all the wards. (Figure 7) 
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No untoward reactions from these radiations were 
observed either in the patients or personnel. Erythema 
and conjunctivitis were particularly watched for. The 
only precautions taken were to place cotton curtains 
behind the troughs and direct exposure of infants and 
personnel to the lamps was avoided. The amount of ozone 
generated was not enough to be objectionable. 
Although the number of cases observed is stil l 
small, comparative findings between the two sides of the 
wards were statistically significant. The lamps have 
doubtless reduced the number of acquired infections this 
year and, as a whole , these have been quite mild with I I 
only one death attributed to a new infection (in a ward I 
without lights). 
It may be stated that like any new procedure, 
the initial cost may seem high. The upkeep is not high; 
in this experiment the current consumed was calculated 
l~-=-=--==--=-==l=r=--=======-=--------_-_ -- - - -- __________ --:....:=...._- ==--~ 
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mention such procedure being as essential as pneumococcus 
typing. 
The staff and personnel in the wards should be 
acquainted with the tJ~e and nature of the work in order 
to get the best cooperation. They should be informed 
:rrom time to time about .the progress of the studies. 
The work could be carried out very well by a 
clinician and at least one bacteriologist or laboratory 
technician working together. More data could still be 
accumulated if bacteriological studies of patients and 
of air were each done by one technician. 
SUMMARY 
An investigation of infections developed in 
the Infants' Hospital included 704 patients. These 
studies covering a year were divided into three periods 
in the following manner: (1) during the first period 
from June to October 1939, carefully surveyed records of 
53. 
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235 patients showed an incidence of approximately 9 per 
cent new infections; (2) from October to December 1939, 
95 patients who were observed bacteriologically and 
clinically demonstrated an attack rate of 10.5 per cent; 
(3) from December 1939 to June 1940, masks and ultraviolet 
radiation were started. 
In the third period, the wards were divided so 
that one-half had ultraviolet lights but no masks were 
worn by the personnel while in the other half only the 
use of masks constituted the added protection. New infec-
tions occurred in 11.1 per cent of 224 patients who were 
in the wards without radiation while among 150 infants in 
the lighted wards the attack rate was 2.8 per cent. 
In each of these groups over 50 per cent of the 
new infections were due to respiratory diseases. Most 
cases occurred from February to April with another peak 
in September. The most susceptible patients were premature 
---==ll== ==::--=-:=---=-===--==-===-== 
---~ ~o--~==--~ o ~o5_4_: __ ~~f=--~= 
infants and those with congenital and chronic disturbances. 11 
FreQuently, a careful search for sources of new 
infections, mainly by bacteriologic studies and by a pro-
cess of elimination of other possible factors, pointed to 
some patient in the same ward although contact transmis-
s i on was not always absolutely excluded. At any rate, 
cross-infections among patients and the role contaminated 
air could play freQuently offered a plausible explanation. 
Masks were not found as efficacious in controlling new 
infections as would be expected by experimental observa-
tions. 
The most notab le findings in connect ion with 
the use of ultraviolet r adiation the past winter and 
spring were a diminution i n the number of organi sn:.s i n 
the a ir i n cluding pathogenic strains, and a distinct 
reduction in hospital infections. The l ights have been 
found inexpensive and pra ct ical and , so far , no untoward 
====-=#===-===---=--=-- ·-=----=-=-- -==- -=---=== -=-- =-=-=-=- ~-- - ---=- ~-- F 
I 
I 
I 
II 



-=..:==----
I 
I 
58. l: 
--~ -=-=-==- :-..=-- ~-==----==--=...:_ 
Vapor Lamps. J. Applied Physics 1Q:624 , 1939 1 
8. Long, A.P., McKhann, C.F., and Cheney, L.L.: Hospital 
Infections, II. Am. J. Dis. Child. ~:1363, 
1939. 
9. Major, C. and Wilder, T.: Ultraviolet Light for Air 
Sterilization in Ward for Infants' Hospitals. 
Hospitals !1:87, 193?. 
10. McKhann, C.F., Steeger, A. and Long, A.P.: Hospital 
Infections, I • .Am. J. Dis. Child • .§.§.:5?9, 1938. 
11. Robinson, F.W.: Ultraviolet Air Sanitation. Indust. 
& Engin. Chem. ~:23, 1939. 
12. a) Wells, W.F.: Apparatus for Study of Bacterial 
Behavior of Air. Am. J. Publ. Health ~:58, 
1933. 
b) Wells, W.F. and Wells, M.W.: Air-borne Infection. 
J.A.M.A. 1Q1:1698, 1936. 
c) Wells, W.F.: Infection of Air-- Bacteriologic and 
Epiderrlologic Factors. Am. J. Publ. Health 
~:863, 1939. 
d) Wells, W.F.: Droplets and Droplet Nuclei. 
Am. J. Hyg. ~:611, 1936. 
e) Wells, W.F.: Viability of B. Coli Exposed to Ultra-
Violet Radiation in Air. Science §.&:280, 1935. 
13. Whisler, B. Harvard University Thesis, May 1936. 
- --=-==--=====--===--= --- ------- -------
I 
I 
I 
! 
